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ABSTRACT
Foods of high fat content, such as peanut butter and ground beef, can be of
particular interest to food microbiologists due to their role in harboring microorganisms
that lead to spoilage and/or foodborne illnesses. In previous studies on raw poultry
rendering materials, Glenn (2006) determined standard phosphate buffer serial dilutions
produced erratic microbial enumeration results. As the material contained high fat, it was
hypothesized that the immiscibility of fat in the aqueous buffer caused the errors. This
could occur by fat globules entrapping microorganisms in foods. Upon serial dilution
with aqueous buffers, the fat globules may not be evenly dispersed throughout dilutions
and subsequently not be transferred to plates for enumeration. This study was designed
to examine the use of an emulsifier based phosphate diluent in improving the accuracy of
microbial enumeration of lard, peanut butter, ground beef, poultry meal, and butter. In
lard, peanut butter, ground beef, and butter testing, the use of a lecithin modified buffer
yielded colony-forming unit counts that were not significantly different (p<0.05) from the
control whereas the standard phosphate buffer results were significantly different
(p>0.05) from the control. In testing poultry meal, the use of lecithin modified buffer
yielded different results than obtained using standard phosphate buffer for enumerating
total aerobic, mesophilic bacteria and coliform bacteria. Post-research measurement of
dilution buffer pH five months after manufacture indicated a range for phosphate buffer
of 6.1-6.5 and 6.22 to 7.2 for the lecithin buffer. It is not known if this pH was in error at
the time of the experiment as pH was not measured at that time.
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INTRODUCTION

Lecithin is an alternative term for phosphatidylcholine, a phospholipid commonly
used as an emulsifier. Lecithin functions as an emulsifier in food products by binding
water to fats. Water is bound by lecithin via the amino group at the polar choline end of
the lecithin molecule, while the nonpolar lipophilic tail binds fats. This promotes the
separation of fat globules into small, uniformly dispersed droplets. This principle served
as the basis for an experiment on adding an emulsifier to aqueous buffer in order to
improve microbial enumeration from high fat products. Microbial enumeration is
conducted using serial dilutions and subsequent plating on microbial media. The diluent
traditionally used for these dilutions is one of several possible aqueous based buffers.
It has been hypothesized that, in high fat foods, microorganisms can become entrapped in
fat globules. When these foods are transferred into aqueous buffers, the fat globules, and
thus some of the inherent microorganisms, may not be evenly distributed. This could
result in errors in microbial enumeration from high fat products. The following research
was conducted to determine if the addition of an emulsifier to an aqueous buffer would
improve the accuracy of microbial enumeration.

1

LITERATURE REVIEW

History and Techniques in Microbial Enumeration
Methods for enumerating and isolating microorganisms play a crucial role in food
quality and safety assurance. While numerous methods are currently employed to
enumerate microorganisms, the most common method involves serial dilution. This
method is a multistep process involving sample preparation, various levels of dilution,
bacterial culture on solidified growth media, and finally enumeration of microbial
colonies. Interestingly, many of these basic microbiological techniques were developed
by a small group of colleagues in just a few laboratories. French scientist Louis Pasteur
conducted a variety of experiments in the mid-1800s on the use of liquid media for
growth of various bacterial isolates. In 1861, Pasteur conducted the swan neck flask
study which disproved the concept of spontaneous generation and initiated modern
microbiological study (Prescott et al., 2001). The origin of the serial dilution method can
be traced back to the late 1800s and the work of the German bacteriologist Robert Koch.
History reports that prior to his work, the media used to culture microorganisms was
exclusively liquid (Prescott et al., 2001). In the earliest experiments, the goal was to
isolate a single species. The media was used as a diluent to successively dilute a
collection of microorganisms until, ideally, one species remained (Prescott et al., 2001).
Further studies by Salmononsen (1876) and Lister (1878) expanded on Pasteur’s
and Koch’s work but their results indicated difficulties with isolation of individual
species of bacteria. These studies indicated that pure culture isolation in liquid media
was unreliable, tedious, and often complicated by problems with contamination. Causes

2

for isolation difficulties were attributed to microbial clumping in the liquid media
because of adhesion to vessel walls. This led to certain microorganisms being
irrevocably bound to others, making bacterial species isolation extremely difficult. Koch
(1881) published a paper describing a technique for culturing bacteria on a solid surface.
The method involved spreading bacteria over the surface of a boiled potato slice in order
to promote the separation of bacterial colonies. These slices were then incubated beneath
jars to deter any airborne contamination, with the hypothesis that isolated cells would
develop into colonies. Koch reported that this solid media method prevented motile
microorganisms from mixing with other microorganisms, which had occurred with liquid
media (Koch, 1881). Despite his initial success, Koch discovered that many bacteria
would not grow on the potato surface; he brought this problem to the attention of his
colleague, Frederick Loeffler. Loeffler was developing a meat extract peptone media for
cultivating pathogenic bacteria, but was faced with many of the difficulties that came
with isolating bacteria using liquid media. Koch’s initial attempt at solidifying Loeffler’s
media involved adding gelatin (Prescott et al., 2001). However, this melted at the
incubation temperature required to cultivate most pathogenic bacteria. An alternative to
this approach was suggested by Fannie Eilshemius Hesse who was the wife of one of
Koch’s assistants. Hesse proposed using agar to solidify the media and, after testing, it
was found to be successful (Prescott et al., 2001). Another of Koch’s assistants, Richard
Petri, later developed the Petri dish as a container for the solidified media (Prescott et al.,
2001). As the preferred method for isolating pure cultures shifted from liquid to solid
media, it was realized that a standard solution to dilute the cultures was needed.
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Prior to the use of solid media, various liquid media were used to dilute the
cultures. After Hesse’s & Koch’s developments, the first edition of the Standard Methods
for the Examination of Water and Sewage (APHA, 1905) was published which
recommended the use of sterile tap water or distilled water as the diluent in
microbiological testing. The third edition (APHA, 1917) revised this recommendation to
solely include tap water, but gave no explanation for the mechanism that caused the
difficulties in using distilled water as a diluent. However, an extensive study in 1932 by
Butterfield illustrated the problems inherent with this methodology (Butterfield, 1932).
Butterfield observed microscopically that cells would rupture when exposed to distilled
water and reasoned that it was due to a difference in osmotic pressure due to distilled
water’s lack of mineral salts. He then used samples of tap water from locations
throughout the country to make numerous types of diluents and tested their abilities to
maintain pH levels after sterilization. Butterfield noted that the mineral and chlorine
content of the samples varied greatly, which caused the pH of some diluents made from
tap water to change to bactericidal levels (Butterfield, 1932). This variance in tap water
led him to conclude that distilled water was the best base from which to create a diluent.
Further experimentation demonstrated that a phosphate solution made using
distilled water consistently held the same pH throughout sterilization, which made it ideal
for microbiological work. An interesting observation from these studies was the manner
in which Butterfield mixed his dilutions. In accordance with the Standard Methods for
the Examination of Water and Sewage (American Public Health Association, 1936), he
would vigorously shake the bottles for a predetermined amount of time before dilution.
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However, this method was less effective when applied to solid samples, which prompted
further research into sample preparation technology.
In 1972, Sharpe and Jackson published a revolutionary paper describing the first
implementation of the stomacher. They noted that, prior to stomacher technology, many
researchers had developed other methods for homogenizing samples (Sharpe and
Jackson, 1972). Some of these techniques included a spray gun method (Clark, 1965),
ultrasonic energy implementation (Puleo et al., 1967), ultrasonic energy and vortexing
(Sharpe and Kilsby, 1970), and electrophoresis (Tanikawa et al., 1966). Sharpe and
Jackson noted that, despite certain advantages over traditional sample homogenizing
methods, many of these methods failed to completely disintegrate the sample. This led
them to test the novel method of stomaching as a means to obtain a homogenous sample.
Sharpe and Jackson (1972) tested a variety of foods with the stomacher and
reported that bacterial recovery from all samples was highly efficient. However, it was
not until a later study by Andrews et al. (1978) that this claim was quantified. Andrews
et. al. conducted a comparative analysis of the abilities of a stomacher and a traditional
blender. After testing both methods on thirty different foods, it was concluded that the
efficiency of a stomacher relative to a blender was dependent on the food being analyzed
(Andrews et al., 1978). An important observation in both the Sharpe and Jackson (1972)
and Andrews et al. (1978) studies was that an inverse relationship existed between fat
content and recovery of microorganisms.
A later study by Sharpe and Harshman (1976) reported that the addition of Tween
80 to fatty foods would restore the recovery efficiency of the stomacher. However,
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Andrews et. al. (1978) tested four concentrations of Tween 80 added to four different
fatty foods and demonstrated that no amount of Tween 80 had an effect on the recovery
efficiency of stomaching high fat foods. This problem of high fat food analysis can be
traced back to the earliest microbiological studies on butter.
One of the earliest techniques for mixing high fat samples was published by
Hunziker in the first edition of his textbook “The Butter Industry” (Hunziker, 1920). This
method, called The Plate Method for Bacterial Counts of Butter, involved obtaining three
plugs of butter and transferring the plugs into a dilution bottle. The bottle was warmed to
100-105°F (38-40.5°C) and shaken by hand until a creamy consistency was observed.
A later study by Redfield (1922) improved upon this method. Redfield
transferred core samples of butter into test tubes and placed them in a water bath to melt
at 45°C. The goal was to create a liquid sample while ensuring that the microorganisms
enumerated were not damaged. Redfield allowed the butter to remain at this temperature
until the fat was separated in a layer above the mixture of whey or brine. He then used a
sterile pipette to draw the liquid back and forth, in order to mix the two layers. Despite
the initial uniformity created by this method, the fat would quickly separate from the
mixture once the repetitive drawing and dispensing of the pipette stopped (Redfield,
1922).
In 1937, the American Butter Institute published a laboratory manual with
guidelines for testing butter. This recommended a method for mixing samples of butter
by warming to 45°C. The samples were agitated thoroughly to obtain uniform mixing of
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the serum, water, and fat. Agitation was accomplished by shaking the dilution 25 times
in an arc approximately one foot in length (American Butter Institute, 1937).
Later studies (Wildman, 1937; George, 1941) mixed samples by physically
stirring with a sterile spatula. Interestingly, Wildman noted that the stirring necessary to
obtain a uniform sample must be determined by experience, thereby acknowledging the
lack of a standard method for obtaining uniform samples of high fat foods (Wildman,
1937).
An improvement on this method was published by Sims et al. (1969). This study
involved aseptically transferring 5 g samples to a beaker containing the emulsifier
Tergitol No.7. In yet another improvement by the group, a magnetic spinner was utilized
to mix the emulsifier with the butter and create a uniform sample. Sims et al. (1969)
confirmed the effect of adding an emulsifier to samples of butter by microscopically
measuring the sizes and distribution of fat globules before and after the addition of
Tergitol No.7.
Loane et al. (1972) initially attempted the standard pour plate method for liquids
using 1 ml of melted butter. Her research group noted that the method was highly
inefficient due to its unsatisfactory dispersion of the fat globules and, therefore, attempted
three variations on the method. The group tested the effect of 1) adding Tween 80 to the
melted agar, 2) the effect of washing melted butter with subsequent plating of the
separate fractions, and 3) the effect of mixing 1 ml of the melted butter in the melted agar
prior to pouring. Contrary to the study by Sims et al. (1969), Loane et al. (1972)
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demonstrated that the emulsifier was not as effective at dispersing fat globules as the
method of mixing 1 ml of melted butter in the bottle of melted agar prior to pouring.
Another high fat food that has been rigorously tested is ground beef. Ground beef
is produced by passing ground chuck or round steak cuts of beef through a meat grinder.
It varies in fat composition, but must contain less than or equal to 30% fat content by
weight in order to be classified as ground beef. One of the earliest published methods for
microbiologically examining high fat meat such as ground beef lacked any form of
emulsifying technique. Weinzirl and Newton (1914) developed a method that involved
use of a mortar and pestle. They obtained samples of different cuts of meat and
transferred the samples to a mortar containing quartz sand and a salt solution. These
samples were then ground using a pestle as additional amounts of salt solution were
slowly added. The mixture was then diluted and plated.
The Eyre’s Method for Examination of Meat used sterile knives to mince the meat
before adding it to sterile broth. The broth was then incubated for thirty minutes and
sampled for plating (Tanner, 1944). Another method for disintegrating the meat samples
utilized glass in the dilution bottle. St. John’s Method for the Examination of Sausage
(Tanner, 1944) involved obtaining a sample of sausage and transferring it to a dilution
bottle containing a sterile salt solution and ground pieces of sterile glass. The dilution
was then shaken by hand for ten minutes and the samples were diluted and plated on
neutral and glycerol agar.
Garrard and Lockhead (Tanner, 1944) utilized a similar method for detecting
bacteria in meat tissue. Samples of various cuts of the meat were placed in a flask
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containing salt solution and, instead of ground glass, large chips of sterile glass were
introduced. Garrard and Lockhead noted that the larger glass chip size helped to further
disintegrate the sample and decreased the probability of small glass fragments being
transferred from the flask during dilution and plating. Despite the advantages of this
method in disintegrating meat samples, the glass chips were tedious to sterilize and often
caused damage to the dilution bottles and flasks. This led to the development of
alternative methods for disintegrating meat samples.
Bickert (Tanner, 1944) improved upon this and other methods by utilizing a ball
mill to disintegrate a meat sample. A ball mill is an instrument that uses a rotating
cylinder containing steel ball bearings to grind materials into extremely fine particles.
Bickert obtained a sample of meat and transferred it into a ball mill that contained steel
ball bearings, quartz sand, and sterile salt solution. The sample was ground for 15 min
and removed from the ball mill to be diluted and plated. Another later study lacked any
means of sample disintegration. The Hoagland Method (Hoagland, 1924) involved
obtaining large slices of meat and boiling the slices in water to remove any surface
bacteria. The interior temperature of the meat was monitored with a thermometer to
ensure that it remained below a level that would cause damage to the interior bacteria.
Core samples were taken and placed in tubes of beef broth and glucose agar. When the
researcher observed clouding, the tubes were then plated (Hoagland, 1924). This method
was for examining meat products but not enumerating inherent bacteria.
The wide variety of methods used to microbiologically examine meat and meat
products led food microbiologists to believe a standard was needed for examining the
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microbiological characteristics of ground beef and other high fat meats. In 1958, the
American Public Health Association published a reference book on methods for
examining foods which was the precursor to the Compendium for the Microbiological
Examination of Foods. It stated that the recommended procedure for testing meat was
preparing an 11 g sample in a 99 ml diluent and blending for up to three minutes in a
sterile conventional kitchen blender (American Public Health Association, 1958). The
procedure stressed the need to limit blending time to three minutes to prevent overheating
of the sample and the possible loss of microorganisms. This method remains the standard
for examining meat (Swanson et al., 2001).
Barkocy-Gallagher et. al. (2005) sought to improve the methodology for
enumerating Escherichia coli O157:H7 in ground beef. Samples of beef were transferred
to a roller drum containing a solution of phosphate buffered saline and the emulsifier
Tween 20. The addition of an emulsifier helped to disperse fat molecules in the sample
prior to further processing. The samples were processed without additional emulsifier in
the roller drum for ten minutes, serially diluted, and plated. A similar study was
conducted by Brichta-Harhay et. al. (2007) using Tween 80 as the emulsifing agent. The
findings of this study confirmed the previous work of Barkocy-Gallagher et. al. (2007) by
noting that the addition of an emulsifying agent to the meat, prior to dilution, helped
promote fat molecule separation in the sample. However, the addition of an emulsifying
agent to a sample prior to processing did not ensure that the resulting separation of fat
molecules would be maintained once the sample was added to an aqueous buffer.
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Animal Co-Products and Microbial Enumeration
A by-product or co-product is the secondary product obtained from the
manufacturing of a desired product. Animal co-products are produced by processing
offal by rendering. The process of rendering converts residual animal tissues into useful
products for animal feeds, chemical feedstocks, and fertilizers. The most recent figures
estimate that raw material generated by food production in the United States exceeds 59
billion pounds annually (Meeker and Hamilton, 2006). Rendering involves the
application of heat to extract moisture and separate fat from the products, which are most
commonly co-products of cattle, poultry, and fish processing. These co-products include
animal hides, skins, hair, feathers, fat tissues, shells, and whole carcasses deemed unsafe
for human consumption (Meeker and Hamilton, 2006). Products of the rendering process
include meat and bone meal, poultry by-product meal, feather meal, blood meal, and fish
meal. These products are high in amino acids and are most often used as animal feed.
Other products of the rendering process include various fats that are used in the
production of industrial lubricants, alternative fuels, and pet foods.
One of the more extensive studies on the microbiological safety of rendering
products was conducted by Troutt et al. in 2001. In testing the efficacy of seventeen
United States rendering facilities in destroying four major pathogenic bacteria, Troutt et
al. (2001) determined that a majority of raw tissue samples entering rendering facilities
were positive for Clostridium perfringens, the Listeria species, and the Salmonella
species. After rendering, none of the samples of post process product contained any
pathogenic bacteria (Troutt et al., 2001).
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Glenn (2006) determined that enumeration of bacteria from raw poultry offal
produced erratic results for untreated and thermally treated samples. The results were
inconclusive as to if the error was due to experimental error in dilution technique or to the
variability of the product.

Foodborne Microorganisms in High Fat Products
The goal for all food microbiology testing is to accurately determine the presence
and/or amount of microorganisms in food, so that measures can be taken to eliminate
these contaminants or reduce them to safe levels. Foodborne organisms can affect shelflife, product quality, and/or safety. Foods of high fat content, such as peanut butter and
ground beef, are of particular interest to food microbiologists due to their role in
harboring pathogenic microorganisms that lead to foodborne illnesses.
A significant pathogenic bacterium which has occurred in ground beef is
Escherichia coli O157:H7. This Gram negative, rod-shaped bacterium is a strain of
enterohemorrhagic E. coli (EHEC) which can cause intestinal inflammation and bloody
diarrhea via the production of a Shiga-like toxin. E. coli O157:H7 was first identified by
the Center for Disease Control (CDC) Enteric Laboratories in 1975 from a patient in
California suffering from bloody diarrhea (USDA, 2009). Riley et. al. (1983) later
identified this serotype as the causative agent in a hemorrhagic colitis outbreak linked to
hamburger patties. This study served as the first published incidence linking E. coli
O157:H7 to ground beef. Since this publication, there have been several publications and
outbreaks of E. coli O157:H7 linked to ground beef.
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A study by Doyle and Schoeni (1987) tested 164 samples of ground beef from
various retail locations for E. coli O157:H7. While only six samples were positive for the
E. coli serotype, the study demonstrated that this bacteria does in fact exist in purported
safe meat. A study by Arthur et al. (2004) tested commercial beef processing plants for
E. coli O157:H7 and determined 76% of the carcasses entering the processing plants were
positive for the pathogenic E. coli serotype. However, none of the products from these
facilities tested positive for the pathogenic strain.
In 1993, an outbreak of E. coli O157:H7 in the U.S. Pacific Northwest was linked
to hamburgers sold at Jack-in-the-Box. Over 400 people were infected and four people
died from the epidemic (FSIS, 2009). One of the largest food recalls in history was
issued four years later, in 1997, when Hudson Foods Company recalled over 25 million
pounds of ground beef. This recall was announced after the USDA discovered E. coli
O157:H7 from plant environmental sampling and in product (FSIS, 2009). A recall
involving 19 million pounds of ground beef was issued by ConAgra in 2002 after
nineteen cases of E. coli O157:H7 infections were linked to a processing plant in
Colorado. In 2007, the Topps Meat recalled 21.7 million pounds of ground beef in what
was believed to be the second largest food recall in American history (FSIS, 2009).
Another pathogenic microorganism of concern to food microbiologists is the
Gram negative, rod-shaped, non-spore forming bacteria Salmonella. This microorganism
is the causative agent of the disease salmonellosis, which is the most frequently reported
foodborne illness in the United States (USDA, 2009). Salmonellosis is often contracted
by consuming raw or undercooked foods contaminated with Salmonella, such as meat,
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poultry, and eggs. The disease manifests itself in the form of acute onset of fever,
abdominal pain, nausea, and vomiting. While symptoms generally subside without
medical attention, less than 2% of clinical cases require the use of antibiotics.
At the end of 2006 through March of 2007, the CDC reported the first outbreak of
Salmonella linked to peanut butter in the United States. ConAgra, Inc. Peter Pan and
Great Value peanut butter products were implicated in 425 cases in forty-four states, with
no deaths reported. In 2009, another salmonellosis outbreak occurred in peanut butter.
The Peanut Corporation of America produced peanut butter paste which was linked to an
outbreak that resulted in 22,500 illnesses and nine deaths (Maki, 2009).
Isaacs et al. (1995) demonstrated the antimicrobial nature of some lipids in vitro
on Gram positive bacteria. Sprong et al. (1999) demonstrated that Listeria
monocytogenes intestinal colonization was decreased with a high intake of milk fat,
whereas Salmonella enteritidis increased. Sprong et al. suggested the lipopolysacchariderich outer membrane of Gram negative bacteria, such as Salmonella, protected the
bacterium against cytotoxic surfactants, such as the free fatty acids and monoglycerides
produced by digesting lipids. Sprong et al. (1999) also suggested that the fats would act
as protectant against the thermal inactivation of Salmonella.
Juneja and Eblen (1999) investigated the effect of increasing fat levels on
bacterial thermal inactivation by testing the survival of Salmonella Typhimurium DT104
isolates from samples of beef with fat levels of 7%, 12%, 18%, and 24%. Results
indicated that increased fat levels in beef resulted in increased survival of the bacteria.
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Shachar and Yaron (2006) tested the heat tolerance of Salmonella enterica
serovars in peanut butter. Samples of peanut butter were inoculated with serovars of
Salmonella enterica. The samples were pasteurized at temperatures ranging from 70 to
75°C. After cooling, all tested samples were positive for Salmonella enterica. This
demonstrated that the thermal treatments common to peanut butter pasteurization were
not sufficient at inactivating Salmonella enterica serovars.
Park and Kang (2008) tested the effects of storage temperatures on the Salmonella
Tennessee in peanut butter. This was conducted by storing various samples of peanut
butter inoculated with Salmonella Tennessee at temperatures ranging from 4 to 22°C. It
was demonstrated that the inoculated bacterial cells underwent cell structure changes
consistent with high heat resistance in all peanut butter samples stored between 4 and
22°C. Park and Kang (2008) cited the 1968 study of Goepfert and Biggie as an example
of the thermal resistance of yet another Salmonella serovar in the presence of high fat.
Goepfert and Biggie (1968) demonstrated that even at temperatures as high as 90°C, it
took over an hour to inactivate 90% of Salmonella Typhimurium in molten chocolate.
The prevalence of Escherichia coli O157:H7 and Salmonella serovars in high fat
foods has been demonstrated. Despite advances in microbial enumeration techniques,
numerous outbreaks continue to occur in which these microorganisms are implicated.
Researchers have studied a variety of methods to enumerate bacteria from high fat
products. A review of literature on the microbiological testing techniques of peanut
butter failed to reveal a method which utilizes emulsifiers. In ground beef testing,
researchers attempted to improve enumeration by adding emulsifiers to the samples and
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processing in roller drums. In studies on raw poultry rendering materials, Glenn (2006)
determined standard phosphate buffer serial dilutions produced erratic microbial
enumeration results. As the material contained high fat, it was hypothesized that the
immiscibility of fat in the aqueous buffer caused the errors.
The following research study was conducted on lard, peanut butter, ground beef,
poultry meal and butter to determine if the addition of lecithin emulsifying agents to
dilution buffers would improve microbial recovery and serial dilution accuracy for these
high fat products.
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MATERIALS & METHODS
Preliminary Emulsifier Testing
Nine commercially available food emulsifying agents were obtained: Danisco
Dimodan® SO/D K-A: Distilled Monoglycerides (New Century, KS); Danisco Panodan®
150K (New Century, KS); Danisco Grindsted® PGPR90 (New Century, KS); ADM
NovaxanTM D NF/FCC Xanthan Gum (Decatur, IL); ADM Ultralec® F Deoiled Lecithin
(Decatur, IL); ADM Yelkin® TS Soy Lecithin (Decatur, IL); ADM Yelkin® 1018 Soy
Lecithin (Decatur, IL); ADM Sodium Citrate Anhydrous USP/FCC (Decatur, IL); and
Palsgaard® 4175 Polyglycerol Polyricinoleate (Juelsminde, Denmark).
All emulsifiers were tested individually and in pairs for their respective
emulsifying abilities by adding 1 g of lard (Lundy’s® Refined Lard, Clinton, NC) and 1 g
of emulsifier (0.5 g of each emulsifier in pair testing) to 99 ml of phosphate buffer. The
samples were mixed by vigorously shaking the bottles for 30 s in a three foot arc. The
resulting homogenate was examined under a microscope. Sudan Black B (Product
#S0395, SIGMA®, St. Louis, MO) was used as the lipid staining agent. The Sudan stain
was prepared by adding 0.5 g of Sudan Black B to a solution of 35% ethanol, 50%
acetone, and 15% water in a glass beaker. The solution was mixed using a magnetic
stirrer for 30 s and allowed to stand for 15 min. One drop of the Sudan stain was added
to the slide containing the lard homogenate and a glass cover slip was placed over the
sample. Direct light microscopy was used to assess the distribution and size of the lipid
globules, as an indicator of emulsifier ability. These observations were quantified using
the following rating system: 1 = less than 20% of fat globules were of uniform size and
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distribution, 2 = 21 to 40% of fat globules were of uniform size and distribution, 3 = 41
to 60% of fat globules were of uniform size and distribution, 4 = 61% to 80% of fat
globules were of uniform distribution, and 5 = more than 80% of fat globules were of
uniform size and distribution. The results (Tables I and II) indicated that ADM® Ultralec
F Deoiled Lecithin or a 1:1 combination of ADM Yelkin® TS Soy Lecithin and ADM
Yelkin® 1018 Soy Lecithin were the best emulsifying agent(s).

Enumeration using Emulsifier Combinations: Lard
The combination of ADM Yelkin® TS Soy Lecithin and ADM Yelkin® 1018 Soy
Lecithin was tested as a diluent additive for the microbial enumeration of an inoculated
sample of lard. A culture of Escherichia coli (ATCC# 25922) was incubated 24 h at
37°C in sterile nutrient broth (DifcoTM, Sparks, MD). Aliquots (10 ml) were transferred
to sterile 15 ml Falcon tubes. One tube of culture was used immediately and the
remainder stored under refrigeration for later use.
A stock phosphate buffer solution was prepared using 34 g of potassium
phosphate monobasic in 500 ml ddH2O. The pH was adjusted to 7.2 using 1 M sodium
hydroxide. Phosphate buffer was prepared from this stock solution by adding 1.25 ml
and 998.75 ml ddH2O in a volumetric flask (Davis and Hickey, 2004). For the
emulsified buffer, a mixture of 40 g of Yelkin® TS Soy Lecithin and 40 g of Yelkin®
1018 Soy Lecithin was added to 720 ml phosphate buffer. After thoroughly mixing, 102
ml of each buffer was transferred to dilution bottles. The additional volume (3 ml) was
added to account for subsequent evaporative losses during autoclaving. The buffers were
autoclaved at 121°C for 20 min to yield a final volume of 99 ml.
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Violet Red Bile Agar (VRBA) (DifcoTM, Sparks, MD) was used to enumerate E.
coli in lard. Standard Plate Count Agar (SPC) (DifcoTM, Sparks, MD) was used as a
nonselective growth media to obtain a total count of all aerobic, mesophilic
microorganisms in the lard. An inoculated sample of lard was prepared by aseptically
transferring 15 g of lard and 15 ml of E. coli (ATCC# 25922) to a sterile WhirlPak®
Stomacher bag. The bag was sealed and stomached (Seward 400, London, England) on
high for four 120 s cycles, rotating the bag on its vertical axis between each cycle.
In tests using standard phosphate buffer, an E. coli control sample was prepared
by aseptically transferring 1 ml of E. coli to a dilution bottle containing 99 ml of sterile
phosphate buffer. An inoculated lard control was prepared by adding 1 g of the
inoculated lard sample to a dilution bottle containing 99 ml of sterile phosphate buffer.
An uninoculated lard control was prepared by adding 1 g of the uninoculated lard sample
to a dilution bottle containing 99 ml of sterile phosphate buffer. For the lecithin buffer
tests, 1 g of the inoculated lard was added to a dilution bottle containing 99 ml of the
sterile Yelkin® 1018 and Yelkin® TS Soy Lecithin-phosphate buffer diluent. The
uninoculated lard also was tested by adding 1 g of lard to 99 ml of sterile Yelkin® 1018
and Yelkin® TS Soy Lecithin-phosphate buffer. These samples were serially diluted to
10-9 and plated in duplicate on VRBA and SPC using the pour plate technique. VRBA
plates were overlayed. Plates were incubated at 35°C for 24 h and 48 h for VRBA and
SPC, respectively, and bacterial colonies were enumerated. This experiment was
conducted in three trials run on three consecutive days.
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The above experiment also was conducted using Staphylococcus aureus (ATCC#
25904) with the only modification being the selective growth media. Mannitol Salt Agar
(MSA) (BBLTM, Sparks, MD) was used to enumerate S. aureus and was prepared
according to the manufacturer’s instructions. This experiment was conducted in three
trials on three consecutive days.

Comparison of Emulsified Buffers: Peanut Butter
Although the combination of ADM Yelkin® TS Soy Lecithin and ADM Yelkin®
1018 Soy Lecithin was proven as an effective emulsifying agent for use in bacterial
enumeration of high fat foods, the viscous nature of these two products made
measurements difficult. Therefore, the combination of ADM Yelkin® TS Soy Lecithin
and ADM Yelkin® 1018 Soy Lecithin in phosphate buffer was compared to a phosphate
buffer prepared using a granular lecithin (ADM Ultralec® F Deoiled Lecithin, ADM,
Decatur, IL). Preliminary experiments were conducted and results indicated that the
diluent made with ADM Ultralec® F Deoiled Lecithin had similar bacterial enumeration
results as the combination of two emulsifiers. Because of the success in enumeration
coupled with the ease of use, ADM Ultralec® F Deoiled Lecithin in phosphate buffer was
used in all subsequent experiments.
A culture of E. coli (ATCC# 25922) was incubated 24 h at 37°C in sterile nutrient
broth (DifcoTM, Sparks, MD). Aliquots (10 ml) were transferred to sterile 15 ml Falcon
tubes. One tube of culture was used immediately and the remainder stored under
refrigeration for later use.
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ADM Ultralec® F Deoiled Lecithin (80 g) was added to 720 ml phosphate buffer
(hereafter referred to as “lecithin modified buffer”). For the control buffers, standard
phosphate buffer was prepared by adding 1.25 ml phosphate buffer stock solution (34 g
of potassium phosphate monobasic in 500 ml ddH2O; pH adjusted to 7.2 using 1 M
sodium hydroxide) and 998.75 ml ddH2O in a volumetric flask (Davis and Hickey, 2004).
After thoroughly mixing, 102 ml buffer was transferred to dilution bottles with the
additional 3 ml added to account for subsequent evaporative losses during autoclave. The
buffers were autoclaved at 121°C for 20 min to yield a final volume of 99 ml.
An inoculated sample of peanut butter was prepared by aseptically transferring 49
g of peanut butter into a WhirlPak™ Stomacher bag (Catalog #11216-409, VWR
Scientific, Suwanee, GA). One milliliter of E. coli culture was dispensed over the peanut
butter and the bag was sealed. The bag was stomached on high for four 120 s cycles,
rotating the bag on its vertical axis between each cycle. A Seward 400 Laboratory
Stomacher (London, England) was used.
In tests using standard phosphate buffer, an E. coli control sample was prepared
by aseptically transferring 1 ml of E. coli to a dilution bottle containing 99 ml of sterile
phosphate buffer and subsequently diluted and plated. An uninoculated peanut butter
control was prepared by adding 1 g of the uninoculated peanut butter sample to a dilution
bottle containing 99 ml of sterile phosphate buffer and subsequently diluted and plated.
An inoculated peanut butter sample was prepared by adding 1 g of the inoculated peanut
butter sample to a dilution bottle containing 99 ml of sterile phosphate buffer and
subsequently diluted in phosphate buffer and plated. For the lecithin buffer tests, 1 g of
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the inoculated peanut butter was added to a dilution bottle containing 99 ml of the sterile
lecithin modified buffer diluent and subsequently diluted in sterile lecithin modified
buffer and plated. The uninoculated peanut butter was also tested by adding 1 g of
peanut butter to 99 ml of sterile lecithin modified buffer and subsequently diluted in
sterile lecithin buffer and plated. All samples were serially diluted to 10-9 and plated in
duplicate using the pour plate technique and tempered VBRA and SPC agar. VRBA
plates were overlayed. All plates were incubated at 35°C for 24 h (VRBA) and 48 h
(SPC) and bacterial colonies were enumerated. This experiment was conducted in
duplicate on two brands of peanut butter per day repeated on three consecutive days.
The above experiment was repeated using Staphylococcus aureus (ATCC#
25904) and mannitol salt agar. This experiment was conducted in duplicate using two
brands of peanut butter per day repeated on three consecutive days.

Lecithin Modified Buffer: Ground Beef
A culture of E. coli (ATCC# 25922) was incubated 24 h at 37°C in sterile nutrient
broth (DifcoTM, Sparks, MD). Aliquots (10 ml) were transferred to sterile 15 ml Falcon
tubes. One tube of culture was used immediately and the remainder stored under
refrigeration for later use.
ADM Ultralec® F Deoiled Lecithin (80 g) was added to 720 ml phosphate buffer
(hereafter referred to as “lecithin modified buffer”). For the control buffers, standard
phosphate buffer was prepared by adding 1.25 ml and 998.75 ml ddH2O in a volumetric
flask.
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After thoroughly mixing, 102 ml buffer was transferred to dilution bottles with
the additional 3 ml of volume added to account for subsequent evaporative losses during
autoclave. The buffers were autoclaved at 121°C for 20 min to yield a final volume of 99
ml.
A 51 g sample of ground beef was aseptically transferred into a WhirlPak™
Stomacher bag (Catalog #11216-409, VWR Scientific, Suwanee, GA). The bag was
stomached on high for four 120 s cycles, rotating the bag on its vertical axis between
each cycle. A Seward 400 Laboratory Stomacher (London, England) was used. A 1 g
sample was removed for subsequent dilution using standard phosphate buffer and another
1 g sample was removed for subsequent dilution using the lecithin modified buffer.
These were plated using VRBA and SPC to determine the inherent bacteria in the raw
ground beef. A 1 ml culture of E. coli (ATCC# 25922) was added into the WhirlPak™
Stomacher bag with the remaining 49 g of ground beef to prepare a 1 to 50 dilution of the
microorganism. The bag was stomached on high for four 120 s cycles using a Seward
400 Laboratory Stomacher (London, England).
In tests using standard phosphate buffer to enumerate the bacteria added to the
ground beef, an E. coli control sample was prepared by aseptically transferring 1 ml of E.
coli to a dilution bottle containing 99 ml of sterile phosphate buffer and subsequently
diluted using sterile phosphate buffer. The uninoculated ground beef control was
prepared by adding 1 g of the uninoculated ground beef sample to a dilution bottle
containing 99 ml of sterile phosphate buffer and subsequently diluting using sterile
phosphate buffer. The inoculated ground beef sample was prepared by adding 1 g of the
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inoculated ground beef sample to a dilution bottle containing 99 ml of sterile phosphate
buffer. For the lecithin modified buffer tests, 1 g of the inoculated ground beef was
added to a dilution bottle containing 99 ml of the sterile lecithin modified buffer diluent
and subsequently diluting in the same buffer. The uninoculated ground beef also was
tested by adding 1 g of ground beef to 99 ml of sterile lecithin modified buffer. These
samples were serially diluted to 10-9 and plated in duplicate using the pour plate
technique and tempered VBRA and SPC agar. VRBA plates were overlayed. All plates
were incubated at 35°C for 24 h (VRBA) and 48 h (SPC) and bacterial colonies were
enumerated. This experiment was conducted in duplicate using two brands of ground
beef per day and repeated on three different days.

Lecithin Modified Buffer: Poultry Meal
ADM Ultralec® F Deoiled Lecithin (80 g) was added to 720 ml phosphate buffer
(hereafter referred to as “lecithin modified buffer”). For the control buffers, standard
phosphate buffer was prepared by adding 1.25 ml and 998.75 ml ddH2O in a volumetric
flask.
After thoroughly mixing, 102 ml buffer was transferred to dilution bottles with
the additional 3 ml of volume added to account for subsequent evaporative losses during
autoclave. The buffers were autoclaved at 121°C for 20 min to yield a final volume of 99
ml.
Poultry meal samples were obtained from two rendering companies. Samples
were collected on each of three separate days at each company. A 1 g sample of poultry
meal was aseptically transferred into a sterile blender jar containing 99 ml sterile
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phosphate buffer. The sample was blended on an Oster Blender (Model # 449B,
Milwaukee, WI). These samples were not stomached due to the variability of poultry
meal composition. Some samples can contain sharp materials such as beak, bone, and
feather fragments that can puncture stomacher bags. This was repeated in duplicate. The
sample was plated using VRBA and SPC to determine the inherent bacteria in the
product. The experiment was repeated on each brand in duplicate on each of three
consecutive days. The experiment was conducted simultaneously using the lecithin
modified buffer. These samples were serially diluted to 10-9 and plated in duplicate using
the pour plate technique. VRBA plates were overlayed. All plates were incubated at
35°C for 24 h (VRBA) and 48 h (SPC) and bacterial colonies were enumerated.

Lecithin Modified Buffer: Butter
ADM Ultralec® F Deoiled Lecithin (80 g) was added to 720 ml phosphate buffer
(hereafter referred to as “lecithin modified buffer”). For the control buffers, standard
phosphate buffer was prepared by adding 1.25 ml and 998.75 ml ddH2O in a volumetric
flask.
After thoroughly mixing, 102 ml buffer was transferred to dilution bottles with
the additional 3 ml of volume added to account for subsequent evaporative losses during
autoclave. The buffers were autoclaved at 121°C for 20 min to yield a final volume of 99
ml.
Two brands of commercial butter samples were collected on each of three
separate days. A 24 g sample of butter was aseptically transferred into a WhirlPak™
Stomacher bag (Catalog #11216-409, VWR Scientific, Suwanee, GA). A 1 ml culture of
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Saccharomyces cerevisiae (ATCC# 2601) was added to the stomacher bag. The bag was
stomached on high for four 120 s cycles, rotating the bag on its vertical axis between
each cycle. A Seward 400 Laboratory Stomacher (London, England) was used. A 1 g
sample was removed for subsequent dilution using standard phosphate buffer and another
1 g sample was removed for subsequent dilution using the lecithin modified buffer. The
S. cerevisiae control sample was prepared by aseptically transferring 1 ml of S. cerevisiae
to a dilution bottle containing 99 ml of sterile phosphate buffer. Uninoculated control
butter samples also were diluted using both the standard phosphate buffer and the lecithin
modified buffer at room temperature. The experiment was repeated on each brand in
duplicate on each of three different days. These samples were serially diluted to 10-7 and
plated in duplicate using the spread plate technique on acidified potato dextrose agar
(PDA) incubated at 30°C for 5 days to determine the yeast and mold content in the butter
samples.
Statistical Analysis
Fisher’s Least Significant Difference (LSD) t tests for the sum of squares for error
(SSE) was applied to all plate counts. This was used to compare the plots of all dilutions
groups to the standard logistic curve. The mean values in all tables indicate the average
amount by which each treatment missed the standard logistic curve and uses this data to
group the three treatments into not significantly different groups.
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RESULTS AND DISCUSSION
Preliminary Emulsifier Testing
In preliminary trials to determine the best emulsifying agent for enumerating
bacteria from high fat products, nine commercially available food-grade emulsifying
agents were screened. Each emulsifying agent was tested using lard and water and then
stained and the resultant fat globules were examined under a microscope. Globule
uniformity was rated on a five point scale. Results of individual emulsifying agents and
combinations thereof are reported in Tables I and II. Results indicated that ADM®
Ultralec F Deoiled Lecithin or a 1:1 combination of ADM Yelkin® TS Soy Lecithin and
ADM Yelkin® 1018 Soy Lecithin were the best emulsifying agent(s).

Table I. Preliminary testing of single emulsifiers for improving distribution of fat
globules in aqueous buffer.
Emulsifier
Danisco Dimodan® SO/D K-A
Danisco Panodan® 150K
Danisco Grindsted® PGPR90
ADM Novaxan® D NF/FCC Xanthan Gum
ADM Ultralec® F Deoiled Lecithin
ADM Yelkin® TS Soy Lecithin
ADM Yelkin® 1018 Soy Lecithin
ADM Sodium Citrate Anhydrous
Palsgaard® 4175 Polyglycerol Polyricinoleate

*Scale:

Emulsifying Ability Score
3
3
3
1
5
5
4
1
3

1 = less than 20% fat globules were of uniform size and distribution
2 = 21-40% fat globules were of uniform size and distribution
3 = 41-60% fat globules were of uniform size and distribution
4 = 61%-80% fat globules were of uniform size and distribution
5 = more than 80% fat globules were of uniform size and distribution
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Table II. Preliminary testing of paired emulsifiers for improving distribution of fat
globules in aqueous buffer.

Emulsifier Combination
Danisco Dimodan® SO/D K-A + Panodan® 150K
Danisco Dimodan® SO/D K-A + Grindsted® PGPR90
Danisco Dimodan® SO/D K-A + ADM Ultralec® F Deoiled Lecithin
Danisco Dimodan® SO/D K-A + ADM Yelkin® TS Soy Lecithin
Danisco Dimodan® SO/D K-A + ADM Yelkin® 1018 Soy Lecithin
Danisco Dimodan® SO/D K-A + Palsgaard® 4175
Danisco Panodan® 150K + Grindsted® PGPR90
Danisco Panodan® 150K + ADM Ultralec® F Deoiled Lecithin
Danisco Panodan® 150K + ADM Yelkin® TS Soy Lecithin
Danisco Panodan® 150K + ADM Yelkin® 1018 Soy Lecithin
Danisco Panodan® 150K + Palsgaard® 4175
Danisco Grindsted® PGPR90 + ADM Ultralec® F Deoiled Lecithin
Danisco Grindsted® PGPR90 + ADM Yelkin® TS Soy Lecithin
Danisco Grindsted® PGPR90 + ADM Yelkin® 1018 Soy Lecithin
Danisco Grindsted® PGPR90 + Palsgaard® 4175
ADM Ultralec® F Deoiled Lecithin + Yelkin® TS Soy Lecithin
ADM Ultralec® F Deoiled Lecithin + Yelkin® 1018 Soy Lecithin
ADM Ultralec® F Deoiled Lecithin + Palsgaard® 4175
Yelkin® TS Soy Lecithin + Yelkin® 1018 Soy Lecithin
Yelkin® TS Soy Lecithin + Palsgaard® 4175
Yelkin® 1018 Soy Lecithin + Palsgaard® 4175

*Scale:

Emulsifying Ability Score
3
3
1
1
3
1
3
1
1
4
4
3
1
3
4
1
4
4
5
1
1

1 = less than 20% fat globules were of uniform size and distribution
2 = 21-40% fat globules were of uniform size and distribution
3 = 41-60% fat globules were of uniform size and distribution
4 = 61%-80% fat globules were of uniform size and distribution
5 = more than 80% fat globules were of uniform size and distribution
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Enumeration using Emulsifier Combinations: Lard
The combination of ADM Yelkin® TS Soy Lecithin and ADM Yelkin® 1018 Soy
Lecithin was tested as a diluent additive for the microbial enumeration of an inoculated
sample of lard. Uninoculated as well as E. coli inoculated lard samples were enumerated
using both standard phosphate buffer and the ADM Yelkin® TS Soy Lecithin and ADM
Yelkin® 1018 Soy Lecithin-phosphate buffer. An additional control included
enumeration of the added cultures. The colony-forming units at each dilution of lard
were plotted (Figures 1a-c and 2a-c). All graphs indicate that the emulsified buffer more
closely enumerated bacteria as compared to the control than the standard phosphate
buffer. In all samples, the standard phosphate buffer produced erratic results and plate
count numbers did not follow a predicted 1 to 10 dilution throughout the series. In all
samples, the too numerous to count (TNTC) protocols were used to report all plate counts
above 300 colony forming units. Therefore, the plots indicate a horizontal asymptote on
the initial dilutions and differences between the standard phosphate buffer and the
emulsified buffer could not be delineated. However, as pH errors were noted post
experiment, all data reported is unreliable.
Results of the Fisher’s Least Significant Difference (LSD) t tests for the sum of
squares for error (SSE) applied to both the standard plate and coliform counts (Tables III
and IV). A strong correlation was noted between a standard logistic curve model, the
plotted bacterial control, and the emulsified phosphate buffer data. Analysis also
indicates that the standard phosphate buffer dilution data strongly deviated from the
standard logistic curve. This data supports the hypothesis that in the standard phosphate
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buffer, fat globules are not evenly distributed and if bacteria are entrapped in this fat,
errors in enumeration can occur. This data further supports the hypothesis that an
emulsifying agent will promote improved distribution of fat globules in aqueous buffers
and therefore, promote better distribution of sample bacteria in the samples. However, as
pH errors were noted post experiment, all data reported is unreliable.
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Figure 1a. Lard: Mean colony forming units enumerated on standard plate count agar (E. coli) (Day 1).
* Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 1b. Lard: Mean colony forming units enumerated on standard plate count agar (E. coli) (Day 2).
*Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 1c. Lard: Mean colony forming units enumerated on standard plate count agar (E. coli) (Day 3).
*Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).

33

Figure 2a. Lard: Mean colony forming units enumerated on VRBA (E. coli) (Day 1).
*Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 2b. Lard: Mean colony forming units enumerated on VRBA (E. coli) (Day 2).
*Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 2c. Lard: Mean colony forming units enumerated on VRBA (E. coli) (Day 3).
*Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Statistical analysis of all data collected on E. coli enumeration in lard via both
standard plate count and coliform count indicated that there was no significant difference
(p<0.05) between the broth culture control and the emulsified dilution of the inoculated
lard samples. However, there was a significant difference (p>0.05) between the broth
culture control and the standard phosphate buffer dilution of the inoculated lard samples
(Table III and IV). However, as pH errors were noted post experiment, all data reported
is unreliable.
Table III. Lard: Fisher’s Least Significant Difference (LSD) t Tests applied to the mean
colony forming units on standard plate agar for E. coli. Similar letters indicate no
significant difference at p<0.05.
T Grouping

Mean

N

Treatment

A

1011

3

2 = Phosphate Buffer

B

101

3

1 = E. coli culture

B

82

3

3 = Emulsified Phosphate
Buffer

Table IV. Lard: Fisher’s Least Significant Difference (LSD) t Tests applied to the mean
mean colony forming units on VRBA for E. coli. Similar letters indicate no significant
difference at p<0.05.

T Grouping

Mean

N

Treatment

A

2028

3

2 = Phosphate Buffer

B

124

3

1 = E. coli culture

B

93

3

3 = Emulsified Phosphate
Buffer
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The combination of ADM Yelkin® TS Soy Lecithin and ADM Yelkin® 1018 Soy
Lecithin was tested as a diluent additive for the microbial enumeration of an inoculated
sample of lard. Uninoculated as well as S. aureus inoculated lard samples were
enumerated using both standard phosphate buffer and the ADM Yelkin® TS Soy Lecithin
and ADM Yelkin® 1018 Soy Lecithin-phosphate buffer. An additional control included
enumeration of the added cultures. The colony-forming units in diluted lard were plotted
(Figures 3a-c and 4a-c). All graphs indicate that the emulsified buffer more closely
enumerated bacteria as compared to the control than the standard phosphate buffer. In all
samples, the standard phosphate buffer produced erratic results and plate count numbers
did not follow a predicted 1 to 10 dilution throughout the series. In all samples, the too
numerous to count (TNTC) protocols were used to report all plate counts above 300
colony forming units. Therefore, the plots indicate a horizontal asymptote on the initial
dilutions and differences between the standard phosphate buffer and the emulsified buffer
could not be delineated.
Results of the Fisher’s Least Significant Difference (LSD) t tests for the sum of
squares for error (SSE) applied to both the standard plate and Staphylococci counts were
recorded (Tables V and VI). A strong correlation was noted between a standard logistic
curve model, the plotted bacterial control and the emulsified phosphate buffer data.
Analysis also indicated that the standard phosphate buffer dilution data strongly deviated
from the standard logistic curve. This data supports the hypothesis that in the standard
phosphate buffer, fat globules are not evenly distributed and if bacteria are entrapped in
this fat, errors in enumeration can occur. This data further supports the hypothesis that an
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emulsifying agent will allow better distribution of fat globules in aqueous buffers and
therefore, promote better distribution of sample bacteria in the samples. However, as pH
errors were noted post experiment, all data reported can not be verified.
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Figure 3a. Lard: Mean colony forming units enumerated on standard plate count agar (S. aureus) (Day 1).
* Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 3b. Lard: Mean colony forming units enumerated on standard plate count agar (S. aureus) (Day 2).
*Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 3c. Lard: Mean colony forming units enumerated on standard plate count agar (S. aureus) (Day 3).
*Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 4a. Lard: Mean colony forming units enumerated on mannitol salt agar (S. aureus) (Day 1).
*Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 4b. Lard: Mean colony forming units enumerated on mannitol salt agar (S. aureus) (Day 2).
*Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 4c. Lard: Mean colony forming units enumerated on mannitol salt agar (S. aureus) (Day 3).
*Initial dilution 1 was 1:2. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Statistical analysis of all data collected on S. aureus enumeration in lard via both
standard plate count and coliform count indicated that there was no significant difference
(p<0.05) between the broth culture control and the emulsified dilution of the inoculated
lard samples. However, there was a significant difference (p>0.05) between the broth
culture control and the standard phosphate buffer dilution of the inoculated lard samples
(Table V and VI). However, as pH errors were noted post experiment, all data reported
can not be confirmed.

Table V. Lard: Fisher’s Least Significant Difference (LSD) t Tests applied to the mean
colony forming units on standard plate count agar for S. aureus. Similar letters indicate
no significant difference at p<0.05.

T Grouping

Mean

N

Treatment

A

987

3

2 = Phosphate Buffer

B

67

3

1 = S. aureus culture

B

89

3

3 = Emulsified Phosphate
Buffer

Table VI. Lard: Fisher’s Least Significant Difference (LSD) t Tests applied to the mean
colony forming units on mannitol salt agar for S. aureus. Similar letters indicate no
significant difference at p<0.05.

T Grouping

Mean

N

Treatment

A

1008

3

2 = Phosphate Buffer

B

91

3

1 = S. aureus culture

B

134

3

3 = Emulsified Phosphate
Buffer
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Comparison of Emulsified Buffers: Peanut Butter
Although the combination of ADM Yelkin® TS Soy Lecithin and ADM Yelkin®
1018 Soy Lecithin was proven as an effective emulsifying agent for use in bacterial
enumeration of lard, the viscous nature of these two products made measurements
difficult. Therefore, the combination of these buffers was compared to a phosphate
buffer prepared using a granular lecithin (ADM Ultralec® F Deoiled Lecithin, ADM,
Decatur, IL). A preliminary experiment was conducted and results indicated that the
diluent made with ADM Ultralec® F Deoiled Lecithin (hereafter referred to as “lecithin
modified buffer”) had similar bacterial enumeration results. The lecithin modified buffer
was used for the reminder of all experiments.
Standard plate and coliform colony forming unit counts for two brands of peanut
butter are reported in Figures 5a-f and 6a-f, respectively. All graphs indicate that the
emulsified buffer more closely enumerated bacteria as compared to the control than the
standard phosphate buffer. However, as potential pH errors were noted post experiment,
results cannot be verified.
In all samples, the standard phosphate buffer produced erratic results and plate
count numbers did not follow a predicted 1 to 10 dilution throughout the series. In all
samples, the too numerous to count (TNTC) protocols were used to report all plate counts
above 300 colony forming units. Therefore, the plots indicate a horizontal asymptote on
the initial dilutions and differences between the standard phosphate buffer and the
emulsified buffer could not be delineated.
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Compositional analysis was conducted on both brands of peanut butter to
determine percent fat, protein, moisture, and ash contents. Results of the compositional
analysis of peanut butter samples (Brands 1 and 2) are reported in Table VII.

Table VII. Peanut Butter: Mean compositional analysis (% of total) of peanut butter
samples from E. coli experiment (Brands 1 and 2)
Brand
Brand 1
Brand 2

Fat
49.5
54.6

Protein
12.4
18.3
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Ash
3.0
3.3

Moisture
0.8
1.2

Figure 5a. Peanut Butter: Mean colony forming units enumerated on standard plate count agar (E. coli, Day 1, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 5b. Peanut Butter: Mean colony forming units enumerated on standard plate count agar (E. coli, Day 2, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 5c. Peanut Butter: Mean colony forming units enumerated on standard plate count agar (E. coli, Day 3, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 5d. Peanut Butter: Mean colony forming units enumerated on standard plate count agar (E. coli, Day 1, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 5e. Peanut butter: Mean colony forming units enumerated on standard plate count agar (E. coli, Day 2, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 5f. Peanut Butter: Mean colony forming units enumerated on standard plate count agar (E. coli, Day 3, Brand 2)
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 6a. Peanut Butter: Mean colony forming units enumerated on VRBA (E. coli, Day 1, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 6b. Peanut Butter: Mean colony forming units enumerated on VRBA (E. coli, Day 2, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 6c. Peanut Butter: Mean colony forming units enumerated on VRBA (E. coli, Day 3, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).

57

Figure 6d. Peanut Butter: Mean colony forming units enumerated on VRBA (E. coli, Day 1, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 6e. Peanut Butter: Mean colony forming units enumerated on VRBA (E. coli, Day 2, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 6f. Peanut Butter: Mean colony forming units enumerated on VRBA (E. coli, Day 3, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Statistical analysis of all data collected on E.coli enumeration in peanut butter via
both standard plate count agar and VRBA indicated that there was no significant
difference (p<0.05) between the broth culture control and the lecithin modified buffer of
the inoculated peanut butter samples. However, there was a significant difference
(p>0.05) between the broth culture control and the standard phosphate buffer dilution of
the inoculated peanut butter samples (Table VIII and IX). However, as potential pH
errors were noted post experiment, results cannot be verified.
Table VIII. Peanut Butter: Fisher’s Least Significant Difference (LSD) t Tests applied to
the mean colony forming units on standard plate count agar for E. coli. Similar letters
indicate no significant difference at p<0.05.
T Grouping

Mean

N

Treatment

A

3713

6

2 = Phosphate Buffer

B

87

6

1 = E. coli culture

B

62

6

3 = Lecithin Modified
Buffer

Table IX. Peanut Butter: Fisher’s Least Significant Difference (LSD) t Tests applied to
the mean colony forming units on VRBA for E.coli. Similar letters indicate no
significant difference at p<0.05.

T Grouping

Mean

N

Treatment

A

13569

6

2 = Phosphate Buffer

B

29

6

3 = Lecithin Modified
Buffer

B

45

6

1 = E. coli culture

61

Standard plate and S. aureus colony forming units counts for peanut butter are
reported in Figures 7a-f and 8a-f, respectively. All graphs indicate that the emulsified
buffer more closely enumerated bacteria as compared to the control than the standard
phosphate buffer. In all samples, the standard phosphate buffer produced erratic results
and plate count numbers did not follow a predicted 1 to 10 dilution throughout the series.
In all samples, the too numerous to count (TNTC) protocols were used to report all plate
counts above 300 colony forming units. Therefore, the plots indicate a horizontal
asymptote on the initial dilutions and differences between the standard phosphate buffer
and the emulsified buffer could not be delineated.
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Figure 7a. Peanut Butter: Mean colony forming units enumerated on standard plate agar (S. aureus, Day 1, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 7b. Peanut Butter: Mean colony forming units enumerated on standard plate agar (S. aureus, Day 2, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 7c. Peanut Butter: Mean colony forming units enumerated on standard plate agar (S. aureus, Day 3, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).

65

Figure 7d. Peanut Butter: Mean colony forming units enumerated on standard plate agar (S. aureus, Day 1, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 7e. Peanut Butter: Mean colony forming units enumerated on standard plate agar (S. aureus, Day 2, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 7f. Peanut Butter: Mean colony forming units enumerated on standard plate agar (S. aureus, Day 3, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 8a. Peanut Butter: Mean colony forming units enumerated on mannitol salt agar (S. aureus, Day 1, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 8b. Peanut Butter: Mean colony forming units enumerated on mannitol salt agar (S. aureus, Day 2, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 8c. Peanut Butter: Mean colony forming units enumerated on mannitol salt agar (S. aureus, Day 3, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 8d. Peanut Butter: Mean colony forming units enumerated on mannitol salt agar (S. aureus, Day 1, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 8e. Peanut Butter: Mean colony forming units enumerated on mannitol salt agar (S. aureus, Day 2, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 8f. Peanut Butter: Mean colony forming units enumerated on mannitol salt agar (S. aureus, Day 3, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Statistical analysis of all data collected on S. aureus enumeration in peanut butter
via both standard plate count agar and mannitol salt agar indicated that there was no
significant difference (p<0.05) between the broth culture control and the lecithin
modified buffer dilution of the inoculated peanut butter samples. However, there was a
significant difference (p>0.05) between the broth culture control and the standard
phosphate buffer dilution of the inoculated peanut butter samples (Table X and XI).
However, as potential pH errors were noted post experiment, results cannot be verified.

Table X. Peanut Butter: Fisher’s Least Significant Difference (LSD) t Tests applied to the
mean colony forming units on standard plate count agar for S. aureus. Similar letters
indicate no significant difference at p<0.05.

T Grouping

Mean

N

Treatment

A

2523

6

2 = Phosphate Buffer

B

81

6

3 = Lecithin Modified
Buffer

B

40

6

1 = S. aureus culture

Table XI. Peanut Butter: Fisher’s Least Significant Difference (LSD) t Tests applied to
the mean colony forming units on mannitol salt agar for S. aureus. Similar letters
indicate no significant difference at p<0.05.
T Grouping

Mean

N

Treatment

A

9655

6

2 = Phosphate Buffer

B

63

6

3 = Lecithin Modified
Buffer

B

51

6

1 = S. aureus culture
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Lecithin Modified Buffer: Ground Beef
Standard plate and coliform colony forming units counts for two brands of ground
beef are reported in Figures 9a-f and 10a-f. These results report uninoculated ground
beef samples analyzed to determine the inherent microflora within the samples. Eight out
of twelve plots indicated that the standard phosphate buffer produced erratic results and
plate count numbers that did not follow a predicted 1 to 10 dilution throughout the series.
Only the plots on Figures 9b, 9c, 10a and 10f indicated close similarities between the
colony forming units obtained using both the standard phosphate buffer and the lecithin
modified buffer. However, as potential pH errors were noted post experiment, results
cannot be verified. In all samples, the too numerous to count (TNTC) protocols were used
to report all plate counts above 300 colony forming units. Therefore, the plots indicate a
horizontal asymptote on the initial dilutions and differences between the standard
phosphate buffer and the emulsified buffer could not be delineated.
Compositional analysis was conducted on both brands of ground beef to
determine percent fat, protein, moisture, and ash contents. Results of the compositional
analysis of the ground beef samples (Brands 1 and 2) are reported in Table XII.

Table XII: Mean compositional analysis (% of total) of ground beef samples (Brands 1
and 2)
Brand
Brand 1
Brand 2

Fat
20.1
21.9

Protein
17.6
17.0
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Ash
0.7
0.7

Moisture
50.5
50.6

Figure 9a. Ground Beef: Mean colony forming units enumerated on standard plate agar (uninoculated, Day 1, Brand 1).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 9b. Ground Beef: Mean colony forming units enumerated on standard plate agar (uninoculated, Day 2, Brand 1).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 9c. Ground Beef: Mean colony forming units enumerated on standard plate agar (uninoculated, Day 3, Brand 1).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 9d. Ground Beef: Mean colony forming units enumerated on standard plate agar (uninoculated, Day 1, Brand 2).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 9e. Ground Beef: Mean colony forming units enumerated on standard plate agar (uninoculated, Day 2, Brand 2).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 9f. Ground Beef: Mean colony forming units enumerated on standard plate agar (uninoculated, Day 3, Brand 3).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 10a. Ground Beef: Mean colony forming units enumerated on VRBA (uninoculated, Day 1, Brand 1).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 10b. Ground Beef: Mean colony forming units enumerated on VRBA (uninoculated, Day 2, Brand 1).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 10c. Ground Beef: Mean colony forming units enumerated on VRBA (uninoculated, Day 3, Brand 1).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 10d. Ground Beef: Mean colony forming units enumerated on VRBA (uninoculated, Day 1, Brand 2).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 10e. Ground Beef: Mean colony forming units enumerated on VRBA (uninoculated, Day 2, Brand 2).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 10f. Ground Beef: Mean colony forming units enumerated on VRBA (uninoculated, Day 3, Brand 2).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 11a. Ground Beef: Mean colony forming units enumerated on standard plate count agar (inoculated with E. coli, Day 1,
Brand 1).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 11b. Ground Beef: Mean colony forming units enumerated on standard plate count agar (inoculated with E. coli, Day 2,
Brand 1).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 11c. Ground Beef: Mean colony forming units enumerated on standard plate count agar (inoculated with E. coli, Day 3,
Brand 1).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 11d. Ground Beef: Mean colony forming units enumerated on standard plate count agar (inoculated with E. coli, Day 1,
Brand 2).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 11e. Ground Beef: Mean colony forming units enumerated on standard plate count agar (inoculated with E. coli, Day 2,
Brand 2).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 11f. Ground Beef: Mean colony forming units enumerated on standard plate count agar (inoculated with E. coli, Day 3,
Brand 2).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 12a. Ground Beef: Mean colony forming units enumerated on VRBA (inoculated with E. coli, Day 1, Brand 1).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 12b. Ground Beef: Mean colony forming units enumerated on VRBA (inoculated with E. coli, Day 2, Brand 1).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 12c. Ground Beef: Mean colony forming units enumerated on VRBA (inoculated with E. coli, Day 3, Brand 1).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 12d. Ground Beef: Mean colony forming units enumerated on VRBA (inoculated with E. coli, Day 1, Brand 2).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 12e. Ground Beef: Mean colony forming units enumerated on VRBA (inoculated with E. coli, Day 2, Brand 2).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 12f. Ground Beef: Mean colony forming units enumerated on VRBA (inoculated with E. coli, Day 3, Brand 2).
*Initial dilution 1 was 1:5000. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Statistical analysis of all data collected on E.coli enumeration in ground beef via
both standard plate count and coliform count indicated that there was no significant
difference (p<0.05) between the broth culture control and the lecithin modified buffer
dilution of the inoculated ground beef samples. However, there was a significant
difference (p>0.05) between the broth culture control and the standard phosphate buffer
dilution of the inoculated ground beef samples (Table XIII and XIV). However, as
potential pH errors were noted post experiment, results cannot be verified.

Table XIII. Ground Beef: Fisher’s Least Significant Difference (LSD) t Tests applied to
the mean colony forming units on standard plate count agar for E. coli. Similar letters
indicate no significant difference at p<0.05.
T Grouping

Mean

N

Treatment

A

3099

6

2 = Phosphate Buffer

B

100

6

3 = Lecithin Modified
Buffer

B

67

6

1 = E. coli culture

Table XIV. Ground Beef: Fisher’s Least Significant Difference (LSD) t Tests applied to
the mean colony forming units on VRBA for E. coli. Similar letters indicate no
significant difference at p<0.05.
T Grouping

Mean

N

Treatment

A

10278

6

2 = Phosphate Buffer

B

89

6

3 = Lecithin Modified
Buffer

B

45

6

1 = E. coli culture
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Lecithin Modified Buffer: Poultry Meal
Poultry meal samples were obtained from two rendering companies collected on
each of three separate days at each company. Samples were analyzed for total aerobic,
mesophilic bacterial content using standard plate count agar and for coliform using
VRBA using both standard phosphate buffer and the lecithin modified buffer for
dilutions. Two samples were analyzed in duplicate each on each day. Samples were
labeled as Brand 1A and Brand 1B and Brand 2A and Brand 2B. No bacteria were
detected in Brand 2A and Brand 2B of poultry meal. Bacterial counts for Brand 1A and
Brand 1B on standard plate agar and on VRBA are indicated in Figures 13a-f and 14a-f,
respectively. For Day 1, Brand 1A (Figure 13a), Day 2, Brand 1B (Figure 13e) and Day
3, Brand 1B (Figure 13f) samples, the lecithin modified buffer plots were erratic and
indicated too numerous to count (TNTC) at the higher dilutions. These results were due
to possible experimental error, autoclave failure or extremely high sample bacterial load.

102

Figure 13a. Poultry Meal: Mean colony forming units enumerated on standard plate count (Day 1, Brand 1A).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 13b. Poultry Meal: Mean colony forming units enumerated on standard plate count (Day 2, Brand 1A).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 13c. Poultry Meal: Mean colony forming units enumerated on standard plate count (Day 3, Brand 1A).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 13d. Poultry Meal: Mean colony forming units enumerated on standard plate count (Day 1, Brand 1B).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 13e. Poultry Meal: Mean colony forming units enumerated on standard plate count (Day 2, Brand 1B).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).

107

Figure 13f. Poultry Meal: Mean colony forming units enumerated on standard plate count (Day 3, Brand 1B).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 14a. Poultry Meal: Mean colony forming units enumerated on VRBA (Day 1, Brand 1A).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 14b. Poultry Meal: Mean colony forming units enumerated on VRBA (Day 2, Brand 1A).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 14c. Poultry Meal: Mean colony forming units enumerated on VRBA (Day 3, Brand 1A).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 14d. Poultry Meal: Mean colony forming units enumerated on VRBA (Day 1, Brand 1B).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 14e. Poultry Meal: Mean colony forming units enumerated on VRBA (Day 2, Brand 1B).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 14f. Poultry Meal: Mean colony forming units enumerated on VRBA (Day 3, Brand 1B).
*Initial dilution 1 was 1:100. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Lecithin Modified Buffer: Butter
Two brands of commercial butter samples were collected on each of three
separate days and analyzed for yeast and mold content using both the standard phosphate
buffer and the lecithin modified buffer. In uninoculated butter samples, no yeast or mold
were detected in any sample using either buffer. Samples were inoculated at the rate of 1
ml of an overnight culture of S. cerevisiae per 24 g butter. Samples were enumerated on
acidified potato dextrose agar using both standard phosphate buffer and the lecithin
modified buffer for dilutions (Figures 15a-f).
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Figure 15a. Butter: Mean yeast and mold counts as enumerated on acidified potato dextrose agar (inoculated with S. cerevisiae,
Day 1, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 15b. Butter: Mean yeast and mold counts as enumerated on acidified potato dextrose agar (inoculated with S. cerevisiae
,Day 2, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 15c. Butter: Mean yeast and mold counts as enumerated on acidified potato dextrose agar (inoculated with S. cerevisiae,
Day 3, Brand 1).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 15d. Butter: Mean yeast and mold counts as enumerated on acidified potato dextrose agar (inoculated with S.
cerevisiae, Day 1, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 15e. Butter: Mean yeast and mold counts as enumerated on acidified potato dextrose agar (inoculated with S. cerevisiae,
Day 2, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Figure 15f. Butter: Mean yeast and mold counts as enumerated on acidified potato dextrose agar (inoculated with S. cerevisiae,
Day 3, Brand 2).
*Initial dilution 1 was 1:2500. Subsequent 1:10 dilutions of this were plated and enumerated (2-8).
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Statistical analysis of all data collected on yeast and mold enumeration in butter
on acidified potato dextrose agar indicated there was no significant difference (p<0.05)
between the broth culture control and the emulsified dilution of the inoculated butter
samples. However, there was a significant difference (p>0.05) between the broth culture
control and the standard phosphate buffer dilution of the inoculated butter samples (Table
XV). However, as potential pH errors were noted post experiment, results cannot be
verified.

Table XV. Butter: Fisher’s Least Significant Difference (LSD) t Tests applied to the
mean yeast and mold count on acidified potato dextrose agar (inoculated with S.
cerevisiae).
T Grouping

Mean

N

Treatment

A

3099

6

2 = Phosphate Buffer

B

100

6

3 = Lecithin Modified
Buffer

B

61

6

1 = E. coli culture

Enumeration of Bacteria from High Fat Products
The enumeration of microorganisms has long challenged microbiologists.
Despite advances in microbial enumeration techniques, numerous outbreaks continue to
occur in which these microorganisms are implicated. Researchers have studied a variety
of methods to enumerate bacteria from high fat products. A review of literature on the
microbiological testing techniques of peanut butter failed to reveal a method which
utilizes emulsifiers. No specific standard method for enumeration of bacteria other than
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serial dilution using phosphate buffer was reported. In this study, use of the lecithin
modified buffer yielded results that were not significantly different (p<0.05) from the
control whereas the standard phosphate buffer results were significantly different
(p>0.05) from the control.
In ground beef testing, researchers attempted to improve enumeration by adding
emulsifiers to the samples and processing in roller drums (Barkocy-Gallagher et. al.,
2005). As roller drums are large, it difficult to sterilize the equipment and maintain
sufficient roller drums for multiple sample preparation. The standard method for
enumerating bacteria from ground beef does not incorporate an emulsifying agent in the
diluent buffer. Results of this study indicate use of a lecithin modified buffer were not
that were not significantly different (p<0.05) from the control whereas the standard
phosphate buffer results were significantly different (p>0.05) from the control.
In studies on raw poultry rendering materials, Glenn (2006) determined standard
phosphate buffer serial dilutions produced erratic microbial enumeration results. As the
material contained high fat, it was hypothesized that the immiscibility of fat in the
aqueous buffer caused the errors. However, in the current study, use of lecithin modified
buffer on finished poultry rendering materials yielded different results than obtained
using standard phosphate buffer for enumerating total aerobic, mesophilic bacteria and
coliform bacteria.
Standard butter microbial enumeration procedures recommend involves warming
the butter sample to a temperature not exceeding 45°C and diluting it in room
temperature phosphate buffer (American Butter Institute, 1937). The current study
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compared a non-warmed butter sample diluted using room temperature phosphate buffer
versus room temperature lecithin modified buffer for serial dilutions. Use of the lecithin
modified buffer for butter samples inoculated with S. cerevisiae were not significantly
different (p<0.05) from the control whereas the standard phosphate buffer results were
significantly different (p>0.05) from the control.
It is important to note that the microbial counts for the phosphate and emulsified
buffer/modified lecithin buffer groups were higher than the enumerated inoculums. This
could possibly be due to fat in these products providing a high energy nutrient source to
the microorganisms, resulting in microbial growth between the time the inoculated
samples were prepared and the time the final sample was plated. Also, the
microorganism control groups were plated first, followed by the phosphate, then the
lecithin-based buffer groups. This could have provided time for the microorganisms to
grow in the later groups and, thus, result in the higher microbial counts seen in those
groups when compared to the microorganism control group. This could possibly be
avoided in future studies by putting the inoculated samples on ice prior to plating to slow
the rate of microbial growth.
However, as potential pH errors were noted post experiment, all microbial
enumeration results presented within this thesis cannot be verified. Therefore, the project
will have to be repeated to verify results.
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CONCLUSION
The typical method for enumerating microorganisms in foods and feeds involves
serial dilution of products in an aqueous buffer. However, due the immiscibility of fat in
water, difficulties arise when quantifying inherent microbial populations in high fat
products. Modified methodology was proposed in this study and tested for improving the
accuracy of enumeration in these products. Under the experimental conditions used in
this experiment for peanut butter, use of lecithin modified buffer yielded more accurate
results than the use of standard phosphate buffer. For ground beef, use of lecithin
modified buffer yielded more accurate results than the use of standard phosphate buffer.
For poultry meal, use of lecithin modified buffer yielded different results than use of
standard phosphate buffer. In the future, studies on poultry meal could include using
stomacher bags that are resistant to punctures, as well as using higher concentrations of
lecithin in the prepared diluents. For butter, use of lecithin modified buffer yielded more
accurate results than the use of standard phosphate buffer at room temperature. In the
future, suggested continued studies on butter would involve comparing the effect of prewarming the standard phosphate buffer versus room temperature lecithin modified buffer
and subsequently plating on appropriate media. However, as potential pH errors were
noted post experiment, results of this thesis cannot be verified.
Post research analysis of the buffers indicated pH values ranging from 6.22-7.2
for the lecithin modified buffer and 6.1 to 6.5 for the phosphate buffers. These buffers
were prepared five months prior to the conclusion of this study, but pH readings of the
buffers were only taken after the initial preparation of each batch of buffers and not
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before each experiment. These pH levels would be lethal to many microorganisms,
which could result in inaccurate microbial enumeration. Future studies could benefit
from executing shelf-life studies on the pH stability of these buffers over a period of time.
Additionally, this experiment enumerated the microbial cultures by diluting in phosphate
buffer and plating. Future studies should assess the effect of lecithin modified buffer on
the microbial enumeration of the microbial culture being used.
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